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LEAD FRAME. RESIN SEALING MOLD AND METHOD FOR MANUFACTURING 
A SEMICONDUCTOR DEVICE USING THE SAME 

BACKGROUND OF THE INVENTION 

[0001] Priority is claimed to Japanese Patent Application Serial Number 

2001-346408, filed on November 12, 2001 and Japanese Patent Application Serial 
Number 2002-020296, filed on January 29, 2002, the disclosures of which are 
incorporated herein by reference in their entireties. 

Field of the Invention 

(00021 The preferred embodiments of present invention relate to, annong 

other things, a lead frame and a resin sealing mold which improve the productivity 
and quality of a semiconductor device fionmed by resin sealing, and a method for 
manufacturing a semiconductor device using the same. 

Description of the Related Art 

[00031 The following description sets fortJi the inventors' knowledge of 
related art and problems therein and should not be consbiied as an admission of 
knowledge in the prior art. Semiconductor devices have Increased in capacity year 
after year. In accordance with this Increase, the number of lead terminals that 
become various signal lines has tended to increase. In accordance with this 
tendency, a QFP (Quad Flat Package) type semiconductor devtee in which lead 
tenninals extend outward from four directions has begun to be used. An example 
of this is disclosed in, for example, Japanese Unexamined Patent Publication No; 
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H08-181160. 

[0004] Hereinafter, background examples will be described with reference to 

the accompanying drawings. In this regard, Rgure 16 is a plan view of a lead 
frame, Figure 17 is a perspective view of a mold, and Figure 18 is a plan view of a 
lead frame after resin sealing. 

(00051 A lead frame 1 shown in Figure 16 can be fonned by means of 

press-working or etching, and herein, six units are provided and semiconductor 
elements are mounted on the respective units. Each unit has a roughly square 
stage (island) 2 for mounting a semiconductor element and lead temilnals extending 
in four directions outward around the stage 2. Furtiiennore, considering a mold, 
each unit has gates 4 as resin passages at the corners of a sealing region, and holes 
5 for air vents when resin-sealing. 

[0006] A mold 6 adapted to this lead frame 1 includes, as shown in Figure 17, 
an upper mold 7 and a lower mold 8. The upper mold 7 and the lower mold 8 have, 
a plurality of cavities 9 which face tiie stage 2 of tfie lead frame, pots 10 that are 
resin injection ports, and runners 11 which connect ttie cavities 9 and tfie pots 10 
and serve as flow passages for filling tfie insides of the cavities 9 witii a resin 

[0007] In this example, one pot 10 is provided for four cavities, and tfie 

runners 11 radially extend toward ttie respective cavities from tfie pots. The pots 
10' of the upper mold penetrate for injecting a resin from the upper side. 
Furtihennore, cavities are also fomried in tfie upper mold 7 altfiough tfiey are hidden 
in Rgure 17. 
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[0008] Next, a method for manufacturing a semiconductor device will be 

described. First, semiconductor elements are mounted on the stages 2 of the lead 
frame 1 shown in Rgure 16 via a silver paste that is an adhesive agent. The 
semiconductor element has a plurality of electrodes on the surface (not shown), and 
is mounted and fixed on the stage. Thereafter, the electrodes and lead terminals 3 
are electrically connected by means of wire-bonding. 

[0009] After thus mounting the semiconductor elements, the lead frame 1 is 
set between the upper mold 7 and the lower mold 8 shown in Figure 17. Then, 
cavities as injection regions are formed by dosing the molds. 

[00010] Next, a resin to be melted is injected from the pots 10' of the upper 
mold 7 at a predetermined pressure. The resin flows into the cavities of the upper 
mold 7 and the lower mold 7 and is filled in the cavities 9 via the runners 11. Then, 
the semiconductor elements are sealed. Before injecting the resin, air exists inside 
the cavities 9. However, at the stage of entry of the resin into tiie cavities, the 
resin presses the air and the air is released to, for example, air vents made in the 
upper mold 7. The air Vents are fbmried as gaps that do not allow penetration of 
the resin. 

[oooiii After the resin is cooled and cured after being filled, the lead frame 1 
is released by opening the molds. Figure 18 shows the lead frame at tiiis point. In 
this figure> for easy understanding of the resin flows, pbrtions at which the pots and 
runners had existed when liesin-sealing are shown by dashed lines. As clearly 
understood from Rgure 18, the resin flows in from the pot 10 that is positioned at 
tiie center of four sealing regions through tfie gates 4. Thereby, the semiconductor 
elements to be mounted on the stage and a part of the lead temninals 3 around tiie 
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semiconductor elements are covered by the resin to fomn one package 12. 

[00012] Subsequently, the connecting portions of the lead tennlnals 3 are cut, 
and the separated lead terminals 3 are bent, whereby a QFP type semiconductor 
device is completed. 

[00013] As mentioned above, in the background method for manulBCturing a 
semiconductor device, as shown in Rgure 17, air in the cavities 9 is led to the ends 
of the cavities 9 and then released to the outside from the cavities 9 through the air 
vents made In the mold. However, when the air Is pressed out from the air vents,, 
the resin forms buns between the lead frame 1 and the upper mold 7 or betweien 
the lead frame 1 and the lower mold 8. The thickness of the resin burrs can be as 
thin as about 30pm. In some cases, when releasing the package 12 from the mold 
6, the resin burrs are not released from the mold together with the package 12 and 
remain inside the mold. These remaining resin burrs can obstruct the paths for 
releasing the air inside the cavities during the next time of resin molding. As a 
result, the air cannot be released to the outside, and the air is compressed and 
remains inside the cavities 9. This Is problematic because voids and unfilled iegtons 
are created Iri tiie package. 

[00014] On the other hand, an air vent provided at the mold side has been 
considered. At a portion corresponding to the air vent, a part 13 of the lead frame 
exists, which is originally set so as not to be a lead terminal. On this part, resin 
burrs of about 30Mm are created as in the above-mentioned case. In some cases, 
the burrs are left on the lead material during moid-release. In such cases, \n, the 
next process of lead bending, tiie resin burrs remaining on the lead frame 13 are 
crushed and rettiain on tiie bending mold. Since the burrs remain, on the mold, in 
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the next bending process this bending mold causes defects such as dents on the 
lead and lead deformation due to the crushed burrs. 

[00015] In the case of a QFN (Quad Flat Non-leaded Package) type 
semiconductor device, the back surface can serve as a mounting surface, and the 
leads exposed to the back surface make electrical connection with a conductive 
pattern on a mounting substrate. However, in the background manufacturing 
, method, resin burrs are created on at least the lead frame 13 including continuous 
packages, therefore, when mounting the above-mentioned semiconductor device 
on the mounting substrate, mounting fBilures may occur due to resin burrs created 
at the package end. 

[00016] There is a need in the art for improved systems and methods that 
overcome the above and/or other problems. 

SUMMARY OF THE PREFERRED EMBODIMENTS 

[00017] The various preferred embodiments of the present invention 
significantiy improve upon existing systems and methods. 

[00018] In some preferred embodiments, a lead frame can include, e.g. : at 
least one island; a pair of first connected line bodies and a pair of second connected 
line bodies which are disposed so as to surround the island; a plurality of leads 
extending from the first and second connected line bodies to the vicinity of the 
island; tie bars which integrate the leads and are disposed so as to surround the 
island; and air vent disposing regions formed in the vicinities of regions in which the 
first and second connected line bodies intersect; wherein at least in a first of the air . 
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vent disposing regions, a first air vent penetrating a lead forming region between 
the first air vent disposing region and the island and a second air vent that is formed 
independently in the vicinity of this first air vent are provided. 

[00019] Furthermore, in the lead frame, preferably, the first air vent disposing 
region Is formed Integrally with two of the tie bar^ in the vicinity of an intersection of 
these two tie bars. 

[00020] Furthermore, in some preferred embodiments, a resin sealing mold 
assembly can be provided having an upper mold and a lower mold which includes: a 
substantially hexahedral cavity for housing at least a lead ft^me and a 
semiconductor element; and at least one air releasing groove at contact surfeces of 
at least the upper mold or lower mold from at least one comer of the hexahedral 
cavity. 

[000211 Furthermore, preferably, first air vents and second air vents that are 
independent from each other are fomied in the lead frame to be pressed by the 
upper mold and the.lpwer nrold at a plurality of comers, and a resin injection gate is 
fornied at least at one of the comers, one end of the resin Injection gate positioned 
at a cavity side is formed at the contact surfaces proximate the cavity region, and 
the one end of the resin injection gate and the first air vent are continued to each 
other. 

[00022] Furthermore, in some preferred embodiments, a method for 
manufacturing a semiconductor device can include: preparing a lead frame having at 
least tie bars for integrally supporting a plurality of leads and first air vents and 
second air vents, and on which semiconductor elennents are mounted; housing the 
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lead frame in a resin sealing mold that includes an upper mold and a lower mold and 

has a substantially hexahedraj cavity and four comers of the hexahedron fomied at ^, 

t ■ ■ . 

a surface of contact between the upper mold and lower mold via the lead frame, and 

air releasing grooves at the contact surfaces of at least the upper mold or lower 

mold from a plurality of the comers; and leading air in the cavity through the first air 

vents, the air releasing grooves and the second air vents, and filling a resin in the 

cavity, whereby a resin sealed body is formed. 

[00023] Furthermore, preferably, after releasing the lead frame from the mold, 
at least the resin in the first air vents remains in the first air vents, and in the tie bar 
cutting process, the first and second air vents are simultaneously eliminated. 

I00024J First, in the lead frame of the prefen-ed embodiments, first and 
second air vents can be formed independently ftx)m each other in an air vent 
fomiing region near the intersection of the first connected line body and the second 
connected line body. The lead frame can include that one'end of the first air vent 
is continued to the cavity when resin-molding. Thereby, air existing in the cavity 
can reliably flow out to the outside of the cavity through the first air vent. As a 
result, substantially no air remains in the cavities and the resin can be filled in 
substantially the entire cavity, whereby a lead frame can be realized by which a 
package without unfilled regions can be fornned. 

[00025] Second, in the lead frame of the preferred embodiments, the first and 
second air vents can have a thickness almost equivalent to that of the lead frame. 
When resin-molding, air existing in the cavity is released, and at the same time, the 
resin also flows out. However, this resin can be securely contained inside the first 
and second air vents and the air releasing groove. Accordingly, the resin that has 
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flown out can be cured and can become resin burrs outside the package. However, 
such resin burrs can be integrated'with the lead frame via the first and second air 
vents and the air releasing groove. Accordingly, In a preferred serhiconductor 
device manufacturing process, a lead frame can be realized which avoids 
disadvantages in which resin burrs are created and crushed to deteriorate the 
product quality or remain inside the mold during mold-rejease. 

[00026] Third, the lead frame can Include that the first and second air vents 
can be formed independently from each other, and the first air vent can be fomied 
outward from the package forming region, and at the tip end side thereof, the 
second air vent can be fomied. Thereby, the air existing in the cavity can be led to 
the outside of the package as much as possible. As a result, a lead frame can be 
realized in which, even when a connecting portion between the first air vent and the 
second air vent is closed by a resin, the air can be reliably released to the outside of 
the cavity. 

[00027] Fourth, a resin sealing mold in some embodiments can include that 
an air releasing groove for connecting the first and second air vents fonned in the 
above-mentioned lead frame can be fomied at a position apart: from the cavity end. 
This can avoid creation of thin resin burrs on the package outside surface. Tlie 
resin cured in the air releasing groove can be handled integrally with, the resin cui«d 
in the first and second air vents. Accordingly, when releasing tfie package from the 
mow, one can avoid having resin burrs crushed and remaining Inside the mold, 
whereby a resin sealing mold can be realized which avoids deteriorating the product 
quality. 

y ' 

[00028] Rfth, the resin sealing mold can include that the tip end of a resin 
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Injection gate can be positioned at the contact surfaces of the upper mold and the 
lower nnold apart from the cavity. Namely, also at the gate, a structure for injecting 
a resin by using the above-mentioned first air vent can be provided. Thereby, one 
can avoid having thin resin burrs created on the paclcage outside surface. 
Accordingly, a resin sealing mold can be realized which suppresses mounting failures 
of, particularly, a leadless type semiconductor device. 

100029] Sixth, the senriiconductor device manufacturing method can include 
that resin-molding is carried out by using the above-mentioned lead frame and resin, 
sealing mold. Thereby, resin burrs outside the package and the lead frame can be 
integrally handled, so that the tie bar cutbng process and the process of cutting the 
first and second air vent fonning regions can be simultaneously carried out. 
Accordingly, at the point of the next lead bending process, ail resin burrs outside the 
package can have been removed, dents or moWing failures due to resin burrs 
crushed In the lead bending process can be inhibited from occumng in the leads. 

(00030] Seventh, the semiconductor device manufacturing method can 
include that, as described in the fifth effect, the tie bar cutting process and the air 
vent cutbng process can be simultaneously carried out. Thereby, the lead bending 
process that is a post-process can be continuously carried out. Accordingly, work 
time and capital investment can be reduced. . . 

[00031] The above and/pr other aspects, features and/or advantages of 
various embodiments will be furttier appreciated in view of the following description 
in conjunction with the accompanying figures. Various embodiments can include 
and/or exclude different aspects, features and/or advantages where applicable. In 
addition, various embodiments can combine one or more aspect or feature of other 
embodiments where applicable. The descriptions of aspects, features and/or 
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advantages of particular embodiments should not be construed as limiting other 
embodiments or the claims 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying figures are provided by way of example, without limiting 
the broad scope of the invention or various other embodiments, wherein: 

Rgure lis a plan view describing a lead frame according to some 
embodiments of the invention; 

Rgure 2 is a plan view describing the lead frame according to some 
embodiments of the Inverition; 

Rgures 3XA)-3(C) are plan views describing the lead frame according to some 
embodiments of the invention; 

Rgures 4(A)-4(B) are drawings describing a resin sealing mold of a first 
embodiment of the invention; 

Rgure 5 Is a drawing describing a package fbmned by using the resin sealing 
mold of the first embodiment of the invention; 

Rgure 6 is a drawing describing the package formed by using the resin 
sealing mokJ of the first embodiment of the invention; 

Rgures 7(A)-7(B) are drawings describing a resin sealing mold of a second 
embodiment of the invention; 

Rgure 8 is a drawing describing a lead frame to be used for the resin sealing 
mold of the second embodiment of the invention; 

Rgure 9 is a drawing describing a package fonned by using the resin sealing 
mold of the second embodiment. of the invention; 

Figures 10(A)- 10(B) are drawings describing a semiconductor device 
manufiacturing method according to some embodiments of the invention; 
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Rgures 11(A)-11(B) are drawings describing a semiconductor device 
manufiacturing method according to some embodiments of the invention; 

Rgure 12 is a drawing describing a semiconductor device manufiacturing 
method according to some embodiments of the invention; 

Figure 13 is a drawing describing a semiconductor device manufiacturing 
method according to some embodiments of the invention; 

Rgure 14 is a drawing describing a semiconductor device manufacturing 
method according to some embodiments of the invention; 

Rgures 15(A)- 15(B) are drawings describing a semiconductor device, 
manufiacturing method accordmg to some embodiments of the invention; 

Rgure 16 Is a drawing showing a background semiconductor device 
manufacturing method; 

Rgure 17 is a drawing showing a background semiconductor device 
manufiacturing method; and 

Rgure 18 Is a drawing showing a background semiconductor device 
manufiacturing method. 

DEtAILED DESCRIPTION OF THE PREFERRED EMBODIMFNTg 

[00032] Hereinafter, a lead frame, a resin sealing mold, and a method for 
manufacturing a semiconductor device using the same according to some preferred 
embodiments of the invention is described in detail with reference to Rgures 1-15(8). 

[00033] Rrst, with reference to Rgures 1-3(C), the lead frame will be 
described. Figure 1 is a plan view of the lead frame of an embodiment of the 
invention. Figure 2 Is a plan view showing an enlarged condition of one unit of the 
lead frame of Figure 1. Figures 3(A)-3(C) show enlarged views of portions of the 
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lead frame. 

[00034] As shown In Figure 1, a plurality of mounting portions 24 showing 
units each of which corresponds to one semiconductor device shown by an alternate 
long and short dashed lines are fonned on the lead frame 21. In Figure 1, only four 
mounting portions 24 are shown. However, it is only required that at least onie 
mounting portion is disposed. This mounting portion 24 can be surrounded by a 
pair of connected line bodies 22 extending in the transverse direction with respect to 
the page surface and a pair of second connected line bodies 23 extending in tiie 
lengthwise direction with respect to the paper surface. By these first and second 
connected line bodies 22 and 23, a plurality of mounting portions 24 can be 
disposed on one lead frame 21. The lead frame 21 can be formed of a frame 
mainly made from, for example, copper with a thickness of approximately 100 to 
250pm. However, this material can be or can Include Fe-NI or other metal matsrlals. 

[00035] As shown in Figure 2, one mounting portion 24 can Include an island 
26, suspending leads 31 for supporting the Island 26, a plurality of leads 27 which 
can be positioned hear the four sides of the island 26 and extended toward the first 
and second connected line bodies 22 and; 23 so as to surround tiie four sides, and 
first and second air vents 30. The air vents 30 can be provided in regions 32, each 
of which can be positioned at an extension of the suspending lead 31 and . 
surrounded by the bifurcated lead 31 and the first and second connected line bodies 
22 and 23, or the regions 32 can be surrounded by two leads 27 at both ends of the 
suspending lead 31 and the first and second connected line bodies 22 and 23. In 
the illustrated embodiment, a first air vent 29 and a second air vent 30 can be 
fomned in the respective three air vent forming regions 32. However, in various 
embodiments, the first and second air vents need only be provided in one or more 
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regions. Furthermore, at least one resin injection port is required. In an 
illustrative embodiment, a resin injection port Is provided at the lower right corner 
shown by the circle mark 33, and no air vent is provided at this corner. In some 
instances, it is not always required that a resin injection port: is provided at the four 
corners. For instance, in some cases, a first air vent 29 and a second air vent 30 
can be respectively formed in all air vent forming regions 32 at tiie four comers. 

I00036I In Figures 3(A)-3(C), two air vents 29 and 30 are shown in enlarged 
views. Figure 3(A) shows a case where a suspending lead 31 is formed at both 
sides of the first air vent 29. Figure 3(B) shows a case where a suspending lead 31 
is fomied at only one side of the first air vent 29. Rgure 3(C) shows a case where 
a suspending lead 31 is fomied in the first air vent 29. In the air vent forming 
region 32, the first air vent 29 and the second air vent 30 are preferably fornied as 
holes that are independent from each other. The line 34 shown by the alternate 
long and short two-dashed lines lllusfrates ah outer line of a resin package. As 
shown, a part of the first air vent 29 is included in this package. Namely, two first 
and second air vents 29 and 30 can be fomied in an air vent fonnlng region 32, and 
the first air vent 29 is preferably continued to the cavity 46 (see Rgure 4). In the 
illustrated embodiment, two holes formed in the air vent forming region of the lead 
frame comprise a first air vent 29 and a second air vent 30, respectively. 

[000371 For example, a first air vent can be shaped into a generally ^''-shape 
so that one end thereof is included in the cavity 46. At the portion of the cavity 46 
at which the first air vent 29 is formed, a hole (e.g., gap) for releasing air and resin 
existing in the cavity 46 can be disposed. As shown in Rgure 4(B), this hole can 
conespond to the portion 29A shown at the tips of the two arrows shown at the left 
side. Since the thickness of the lead frame 21 can be approximately 100 to 250Mm, 



Page 13 of 30 



U.S. utility Patent Application 
Sanyo Electric Co., LtiJ. 

this hole 29A can open vertically by a degree corresponding to about the thickness 
of the lead frame 21. On the other hand, a seciond air vent 30 can be formed 
independently from the first air vent 29. TTiese air vents are preferably connected 
via an air releasirig groove 44 formed in a resin sealing mold (see, e.g., description 
below). 

[00038] In particular, the second air vent 30 can be provided with the 
function of the hole 5 (see, e.g.. Figure 16) shown in the background example. The 
second air vent 30 can be provided so that, for instance, the air in the cavity 46 
flows into the second air vent 30 and is released to the outside. However, in the 
lead frame 21 of the preferred embodiments, it Is also desirabje that the resin also 
flows Into the second air vent 30. In this case, although the resin may be filled 
over the entire second air vent 30 in the same manner as the first air vent 29, only 
at least a region including the connecting portion to the air releasing groove 44 
needs to be filled with the resin. This can be in order to, for examjsle, solve at least 
some of the following problems. 

[00039] A sealing material fonning a package can contain an epoxy resin and 
a filler as principal nfiaterials and minor constituents such as wax and incombustible 
materials. As in the case with the part 13 of the background lead frame (see, e.g., 
Rgure 16), it can be difficult to fill the air releasing groove 44 with the filler since it 
can be narrow, so that the resin strength of this poriion aflsr being cured can be low. 
Furthennore, the air releasing groove 44 may not be sufficiently pressed when 
molding since the groove Is near the second air vent 30, and a low-viscosity porous 
resin burr in which the epoxy resin and wax have been separated can be created. 
Therefore, the adhesion of the resin burr at this portion to the lead frame 21 can be 
low, so that the burr easily adheres to the mold when mold-releasing and easily 



Page 14 of 30 



U.S. utility Patent Application 
Sanyo Electric Co., Ltd. 

separates from the lead frame 21. 

[000401 Therefore, in the lead frame 21 of the preferred embodiments, the 
first and second air vents 29 and 30 are filled with the resin, and the resin cured 
inside the air releasing groove 44 and the resin cured inside the first and second air 
vents 29 and 30 are united. The resin cured inside the air releasing groove 44 
easily separates and can be very unstable in a singular state. However, by uniting 
the above-mentipned..three cured -resins,.tbey oji be securely prevented_fix)m 
separating from the lead frame 21. As a result, during mold-release, the resin 
cured inside the air releasing groove 44 can be prevented from remaining inside the 
mold. 

[00041] By providing the above-mentioned structure, in some embodiments, 
at least some of the following characteristics can be obtained from the lead frame 21. 

[000421 As a first characteristic, as shown in Figures 3(A)-3(C), a part HL 1 of 
the first air vent 29 provided in the lead frame 21 can be included in a package, 
whereby air existing in the cavity 46 can be securely released to. the outside of the 
Cjavlty .46 when resin-seallng. For example, the thickness 29A of the lead frame 21 
can be, for example, about 100 to 200|jm, so that the air and resin in the cavity 46 
can be extracted to the outside from the first air vent 29 having this thickness. 
Thereby, resin unfilled regions at the corner of the package can be eliminated. This 
is because, for example, the unfilled regions concentrate at th6 HL 2 side of the first 
air vent 29 even when the air remains. 
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100043] As a second characteristic, since the resin directly flows Into the first 
air vent 29 from the cavity 46, the cured resin in the first air vent 29 can be . 
integrated with the package 47 while having the thickness of the lead frame 21. 
For example, even when the package 47 is released from the mold, the resin in the 
first air vent 29 can be released from the mold integrally with the pacbge 47 and 
lead frame 21 while having a thickness several times the thickness of conventional 
burrs, and does not remain in the mold. As a result, a lead frame can be achieved 
in which the resin is prevented from flowing out from the cavity 46 and staining the 
inside of the mold. 

[000441 As a third characteristic, the first air vent 29 and the second air vent 
30 can be formed independently from each other. Additionally, the second air vent 
30 can be provided with the role of the background air vent. For example, an air 
releasing groove 44 (see Rgures 4(A)-4(B)) which connects the first air vent 29 and 
the second air vent 30 can be provided in a resin sealing mold (such as, e.g., 
described later), and the air existing in thei cavity 46 can be released from the 
second air vent 30. Then, the first air vent 29 can be formed as far as possible 
from the end of the cavity 46 so that L>W as shown In Figure 3(A). Thereby, even 
if the resin remains in the air releasing groove 44 and closes the first air vent 29 and 
the second air vent 30, the air in the cavity 46 can stay at the end HL 2 of the first 
air vent 29. As a result, resin unfilled regions can be eliminated from the package. 
Herein, W shows the width of the first air vent 29, and L shows the length in the 
extension directton of the first air vent 29. 

[00045] In the presently illustrated embodiment, the first air vent 29 is 
shaped generally into a 'T'-shape. However, the shape is not limited and may be 
another appropriate shape, siich as, for example, a circle or a quadrilateral. A 
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parallel effect as in the case of a T" shaped vent can be obtained if a part of the 
first air vent is included in the cavity that is shown by the alternate long and short 
dashed line in Figures 3(A)-3(C). Additionally, various other changes can be made 
without departing from the spirit of the invention. 

[00046] Next, a preferred resin sealing mold will be described with reference 
to Figures 4(A)- 10. First, a first embodiment will be described with reference to 
Figures 4(A)-6. Here, Figure 4(A) is a plan view showing the. interior of an upper 
mold, and Rgure 4(B) is a sectional view of an air vent fbmriing region when 
resin-molding, 

[00047] As shown in Figure 4(A), at three comers of the cavity 46 of the 
upper mold 41, contact surfaces 43 can be fbmied in accordance with the air vent 
forming regions 32 shown in Figure 2. These contact surfaces 43 can have a 
function for supportirig the lead frame 21 inside the cavity 46 when being fitted with 
the lower mold 42. Furthermore, the contact surfaces 43 can have a function for 
connecting the first and second air vents 29 and 30 formed in the lead frame 21 via 
an air releasing groove 44. Preferably, an air releasing grtwve 44 is formed at the 
contact surface 43 of the upper nrrold 41 to connect the first and second air vents 29 
and 30. As shown In Figure 4(B), this air releasing groove 44 Is preferably 
positioned so as to cover a part 35 of the lead frame 21 which separates the first air 
vent 29 and the second air vent 30. The depth of the air releasing groove 44 can 
be fbrriied to, for example, about 10 to SOpm from the contact surface 43. The 
length of the air releasing groove 44 can be set so as to slightly overlap the first air 
vent 29 and the second air vent 30 to connect them. 
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[00048] As shown in tJie figure, air releasing grooves for connecting the first 
and second air vents 29 and 30 can also be formed in the lower mold 42 In advance 
in the same manner as the upper mold 41. Furthemiore, as shown In the figure, in 
the upper mold 41, the air releasing groove 44 may be formed so as to cover the 
entirety of the second air vent 30 or continuously formed from the cavity 46 as 
shown by the dotted lines. In this case, the width of the air releasing grooves 44 
can be almost equal to that of the first air vent 29, and the air releasing grooves 44 . 
can be positioned at the contact surfaces 43 over and under the first air vent 29. 
Thereby, as mentioned above, a burr created due to the air releasing groove 44 can 
be cured Integrally with the resin inside the first and second air vents 29 and 30. 
As a result. In contrast to the background example, the burr created due to the air 
releasing gnaove 44 can be prevented from becoming a resin burr continued to the 
package 47 of about 30 to 50pm. 

[000491 ' Next, with reference to Rgure 4(B), the air flow Inside the cavity 46, 
particularly the air flow at the corner of the cavity 46 having the contact surfaces 43 
at which the first and second air. vents 29 and 30 are formed will be described. As 
shown in the figure, when resin-molding, the air and resin led to a corner Inside the 
cavity 46 flow into the first air vent 29. At this point, since the thickness of the lead 
franie 21 can be, for example, about 100 to 250pm, the vyidth of the first air vent 29 
can also be, for exampje, about 100 to 250Mm. Therefore, not only the air but also 
the resin in the cavity 46 flows into the first air vent 29. Inside the first air vent 29, 
the air collects near the HL 2, and then flows into the second air vent 30 via the air 
releasing groove 44 provided in the upper mold 41 or the lower mold 42. At this 
point, the air releasing groove 44 can be formed so as to have a width of, for 
example, about 30 to SOpm. Therefore, the problem explained In the description of 
the lead frame 21 occurs, however, as mentioned above, this problem can be solved. 
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As shown in the figure, the side surfaces of the molds 41 and 42 can be inclined to 
enhance mold-releasing performance, and the cavity can be substantially, formed as, 
e.g., a hexahedron. 

(600501 By using the above-mentioned resin sealing mold, as shown in 
Rgures 5 and 6, a package 47 can be formed for each mounting portion 24 so as to 
cover the lead frame 21. Here, Rgure 5 is a plan view showing one of the 
mounting portions 24 on the lead frame 21 in an enlarged manner, and Figure 6 is a 
plan view showing the first and second air vents 29 and 30 of the mounting portion 
24 of Figure 5. Namely, as shown in Rgure 6, by using a resin sealing mold as per 
preferred embodiments herein, the resin that flows out from the cavity 46 can be 
cured at least at a part of the first air vent 29, the air releasing groove 44, and the 
second air vent 30. 

[00051J Accordingly, as mentioned above, when releasing the package from 
the mold, the cured resin can be released from the mold integrally with the resin 
package 47 and tiie lead frame 21. Then, tiie air in tiie cavity 46 can release to the 
outside from the second air vent 30 via the air releasing groove 44, such as shown 
by the arrows in Figure 4(B). 

[00052] In preferred embodiments, by providing two air vents 29 and 30 in 
the lead frame 21, a resin sealing mold can be realized in which the air in tiie cavity 
46 can be discharged to the outside of the original package region, and furt:hermore, 
the resin can hardly stain the mold portions corresponding to the air releasing 
groove 44. . 
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(ooossj Next, a second embodinrent will be described with refierence to Rgure 
7(A)-9. Here, Figure 7(A) is a plan view of the interior of the upper mold, and 
Figure 7(B) is a sectional view of the air vent fonning region when resin-molding. 
Parallel components to that in the first embodiment are labeled with like symbols. 

[000541 First, In the second embodiment, as shown in Rgure 8, a lead frame 
49 can. be used in which the first and second air vents 29 and 30 can also be fbmied 
in the air vent forming region 32 corresponding to the resin injection gate 45^ As 
shown in Figure 7(A), preferably, at all four corners of the cavity 46 of the upper 
mold 41, contact surfaces 43 are formed in accordance witii the air vent fomiing 
regions 32 shown in Figure 8. The contact surfaces 43 preferably have a function 
of supporting the lead frame 49 inside the cavity 46 when being fitted with the lower 
mold 42. Furthermore, the contact surfaces preferably have a function of 
connecting the first and second air vents 29 and 30 formed in the lead frame 49 by 
the air releasing groove 44. This structure can be like that in the first embodiment. 
Accordingly, reference is made to the description of the first embodiment. 

[00055] The second embodiment preferably includes that the tip end of the 
resin injection gate 45 is not formed to be continued to the cavity 46, but is formed 
to be positioned at the contact surface 43 separated from the cavity 46. As shown 
in Rgure 7(B), the gate 45 provided in the upper mold 41 is preferably not formed to 
be directiy continued to the cavity 46, biit is preferably fomied so that the tip end of 
the gate is positioned at the HL 2 side of the first air vent 29. Thereby, as shown 
by the arrows> the resin that flows in from the gate 45 flows into the cavity 46 
through the first air vent 29. In the same manner as other comers, also at the gate 
45, the contact surface 43^ of the upper mold 41 can be positioned at the upper 
surface of the first air vent 29. As a result, as shown in Rgure 9, also at the gate 
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45, a structure can be achieved in which creation of resin burrs can be prevented on 
the region 32 in which the first and second air vents 29 and 30 are formed. 

[00056J Preferably, the first air vent 29 is used for not only releasing air but 
also fior injecting the resin at the gate 45, whereby creation of resin burrs in the 
region continued to tiie package 47 can be prevented. Particularly, creation of resin 
burrs at the four comers of tiie package 47 can be prevented. Thereby, as in the 
case with a QFN type semiconductor device, an excellent effect can be obtained, for 
instance, in the case of a back surfece mounting type in which even a slight amount 
of dust such as resin burrs could easily cause a mounting failure. While a structure 
where first and second air vents are formed has been described, in this second 
embodiment, it is not necessary to limit the structure to this example. For instance, 
a similar effect can be obtained under a condition where at least the first air vent is 
provided. 

[00057] Furthermore, in the above-mentioned first and second embodiments, 
as shown in Figures 10(A)-10(B), in a case where a lead frame 21 on which a plating 
film 50 had been formed in advance was used, particularly, when the plating film 50 
was as tiiick as, for example, about 20 to 30Mm, the following problems have been 
found to potentially occur. 

[00058] When resin-molding, the lead frame 213 is pressed by tiie mold 41, 
and at tiiis point, the plating film 50 on the surface in contact with the mold 41 can 
be.squashed by the pressure of the mold 41, and the plating film 50 in tiie air 
releasing groove 44 protiudes. This makes the groove of approximately 30 to 
50Mm narrower, and an unfilled region is easily created in the cavity 46. However, 
in ttie resin sealing mold of tiie preferred embodiments, by a combination with the " 
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above-mentioned lead frame, at least an air flowing path having about the same 
thickness as that of the lead frame 21 can be reliably secured. Ttierefore, 
substantially no unfilled region is formed at the ends of the package 47. 

[00059] Last, with reference to Figures 1-15(A), prefen-ed methods for 
manufacturing a semiconductor device using the above-mentioned lead frame and 
resin sealing mold are now described. Herein, common drawings and common 
symbols that were used in the above-mentioned descriptions of the lead frame and 
the resin sealing mold shall also be used in the description of the following 
embodiments. 

[00060] As shown In Figure 11(A), a semiconductor device manufacturing 
method can include at least some, and preferably alj, of the processes of preparing a 
lead frame, die-bonding and wire-bonding, resin-molding, tie bar cutting and air vent 
cutting, lead plating, and lead bending. As shown in Figure 11(B), a semiconductor 
device manufacturing method can also include at least some, and preferably all, of 
the processes of preparing a lead frame, die-bonding and wire-bonding, 
resin-molding, lead plating, tie bar cutting and air vent cutting, and lead bending. 
In the most preferred embodiments, advantageously, the tie bar cutting and air vent 
cutting processes are sirnultaneously carried out. 

[00061] Hereinafter, an lllustiati've manufacturing method acconding to that 
shown in Figure 11(B) will be described. 

[00062] The first process preferably includes, as shown In Figure 1, 
preparation of a lead frame. The semiconductor device manufectuiing method of 
tiiis present embodiment preferably uses tiie lead frame that has been described 
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Therefore, reference is made to the above 



[00063] TTie second process preferably includes, as shown in Rgure 12, a 
process for die-bonding a semiconductor element 51 on the island 26 of the lead 
frame 21 and for wire-bonding the bonding pad of the semiconductor element 51 
and the leads 27 of the le^d frame 21 by thin metallic wires 52 to connect thenn. 

[00064] In this process, for each mounting portion 24 of the lead frame 21, a 
semiconductor element 51 is preferably die-bonded land fixed to the surface of the 
island 26 by a conductive paste, such as for example an Ag paste. Additionally, thin 
metallic wires, such as for example Au wires, can be used. In this case, ultrasonic 
thermocompression bonding is preferably used for the thin nrietallic wires 52, ball 
bonding is i3referably used for the bonding pad portion, and sb'tchbonding is 
preferably used for the lead 27 side. In some cases, silver plating or gilding can be 
applied to the leads 27 in view of adhesion to the conductive paste (not shown). 
Further, as an adhesion means for the semiconductor element 51, an adhesive agent 
or film made of an Au-Si foil, a brazing material such as soider> or an Insulating 
material can be used depending on the purpose of use. 

[00065] The third process preferably includes a process for resin-molding the 
lead frame by using a resin sealing mold. This process preferably includes tiiat the 
lead frame 21 described above with reference to Figures l-3(C)fs used, and that the 
resin sealing mold described above with reference to Figures 4(A)-6 is further used 
for resih-molding. After the lead frame 21 is released from tiie mold, as shown in 
Rgure 13, the resin can .be cured at the portions of the package 47 and the runner 
48 on the lead frame 21. This process can be appreciated with reference to the 
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above descriptions of Figures 1-6. 

[00066] Furthermore, in the description of the semiconductor device 
manufacturing method of the present preferred embodiment, a lead mounting type 
that is, e.g., a QFP type semiconductor device has been described. However, In the 
case of a back surface mounting type that is a QFN type semiconductor device, the 
resln-molding process described with reference to Figures 7-9 can be superior. This 
case can be appreciated with reference to the descriptions of Figures 7(A)-9. 

[00067] The fourth process preferably includes a process for plating the leads 
27 exposed from the package 47. In this process, in view of lead oxidation 
prevention and solder wetability, plating is preferably applied to the leads 27. At 
this point, plating is preferably applied to the entire lead frame 21 on which a 
plurality of mounting portions 24 have been formed. For example, cathode .. 
electrodes are preferably prepared at the side of the lead frames 21 or a plating 
auxiliary rack on which the lead ft-ames are placed and anode electrodes are 
preferably prepared at a plating bath side. Preferably, plating is applied to a 
plurality of lead frames 21 all at once. In this case, plating solutions such as Pd, Sn, 
Ni, Sn-Pb, Sn-Bi, Sn-Ag, Sn-Cu, Aii-Ag, and Sn-Ag-Cu can be prepared, and by a 
combination of these plating solutions, at least one layer of plating film can be 
applied on the leads 27. In the case where Pd plating is used for the lead frame 21, 
a lead frame 21 on which the Pd plating has been applied before resin-molding is 
preferably used. The same applies to other cases in which a lead frame 21 applied 
with plating in advance is used. 

[00068] The fifth process preferably includes a process for cutting tiie tie bars 
integrally supporting the leads 27 and, at ttie same time, eliminating the first and 
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second air vents 29 and 30 as shown in Figure 14. 

[000691 In this process, the tie bars 28 integrally supporting the leads 27 can 
be stamped out to make the leads 27 Independent from each other. Preferably, the 
first and second air vents 29 and 30 are simultaneously stamped out. As 
mentioned above, in the semiconductor device manufacturing method of the 
prefierred embodiments, tfie resin that flows out from the cavity 46 can be cured 
inside the first air vent 29. TTierefore, substantially no thin resin burrs continued to 
tiie package 47 are created on the lead frame 21. Furthermore, since the lead 
frame 21 preferably has a thickness of about 100 to 250pm, the resin can be 
integrally cured inside the first air vent 29, the air releasing groove 44, and the 
second air vent 30. That is, resin burr^ can be formed at predetermined positions. 
As a result, when stamping out the first and second air vents 29 and 30, all resin 
burrs can be removed together with tiie lead frame 21. Thus, i^sin burrs can be 
prevented flom remaining in the next process of lead bending. 

[00070] When stamping out the tie bars 28, tiie resin burrs formed between . 
tiie leads 27 can also be removed. At tiiis point, as shown in tfie figure, the firef 
and second air vents 29 and 30 can be stamped out into shapes 53 having, for 
example, curves, and furttier, they may be stamped out to be otiier shapes such as, 
for example, circular or quadrilateral shapes. A part: 54 of tfie lead frame 21 is 
preferably left and connected to.tiie first and second connected line bodies 22 and 
23, vyhereby the mounting portion 24 is preferably not separated from the lead 
frame 21. 

[00071] TTie sixtti process preferably includes, as shown in Figures 
15(A)-15(B), a process for bending the leads, and preferably at the same time. 
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separating the individual semiconductor devices from the lead frame 21. 

[00072] Preferably, in this process, first, the lead 27 applied with plating is set 
on seats 56 and 57, and the package 47 and the lead 27 of the semiconductor 
device are preferably fixed by the seat 56 and a lead supporting means 58. At this 
point, the tip end of the lead 27 is preferably set on the seat 57. TTien, the lead 27 
can be cut by, e.g., a punch 55 and the other portion can be bent. However, in this 
process, since resin burrs outside the package 47 have all preferably been removed 
in the previous process, substantially no resin burrs crushed due to an impact in this 
work exist on the seat 56. Therefore, in this lead bending process, a phenomenon 
in which dents or molding failures occur on the lead 27 due to crushed resin burre is 
suppressed. As a result, as shown in Rgure 15(B), a semiconductor device with 
excellent quality can be completed which includes substantially no unfilled region in 
the package 47 and substantially no dents or molding failures at the lead 27. For 
example, in the case of a lead frame that is as thin as about lOOpm or less or a 
fine-pitch lead of, for example, about 500|jm or less, the above-mentioned effects 
can be obtained. 

[00073] As mentioned above, the semiconductor device manufacturing 
method of the preferred embodiments preferably includes that tie bar cutbng and air 
vent cutting are simultaneously carried out. Thereby, tie bar cutting and lead 
bending can preferably be continuously carried out. As a result, among other 
possible advantages which may be obtained. Work time can be shortened and/or 
capital investment can preferably be reduced. 

[00074] In this present embodiment, the semiconductor device manufacturing 
method shown in Figure 11(B) has been described. However, parallel effects can 
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be obtained by, e.g., the semiconductor device manufacturing method shown in 
Rgure 11(A). In this latter case of Rgure 11(A), plating can be carried out between 
the tie bar cutting and air vent cutting and. the lead bending, so that lead bending 
can be carried out in a condition where resin burrs are more securely removed. 
Various other changes are possible without departing from the spirit of the invention. 

[00075] While illustrative embodiments of the invention have been described 
herein, the present invention is not limited to the various preferred embodiments 
described herein, but Includes any and all embodiments having modifications, . 
omissions, combinations (e.g., of aspects across various embodiments), adaptations 
and/or alterations as would be appreciated by those in the art based on the present 
disclosure. The limitations in the daims are to be interpreted broadly based the 
language employed in the dalms and not limited to examples described in the 
present spedfication or during the prosecution of the application, which examples 
are to be construed as non-exclusive. For example. In the present disclosure, the 
term "preferably" is non-exclusive and means "preferably, but not limited to." 
Means-plus-function or step-plus-function limitations will only be employed where for 
a spedfic daim limitation all of the following conditions are present in that limitation: 
a) "means for" or "step for" Is expressly redted; b) a corresponding function is 
expressly recited; and c) structure, material or acts that support: that structure are 
not recited. 
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